Purpose Fatigue is a commonly reported symptom by prostate cancer survivors and is associated with significant distress and declines in quality of life. Qigong is a mind-body activity that consists of both physical activity and meditative aspects. This 12-week randomized controlled trial examined the feasibility and efficacy of a Qigong intervention for improving older prostate cancer survivors' levels of fatigue and distress.
Introduction
Prostate cancer accounts for 25 % of newly diagnosed cancers in US men, and it is the second leading cause of cancer-related deaths cancer in men [1, 2] . Prostate cancer is an older man's disease, with a median diagnosis age of 67 years [2] . Severe fatigue is one of the most common cancer-related symptoms reported by cancer survivors, particularly for prostate cancer survivors receiving androgen deprivation therapy (ADT) [3] . Yet, it is one of the least understood symptoms by both patients and providers [4] . The prevalence of cancer-related fatigue ranges from 17 to 21 % (using International Classification of Diseases 10th edition diagnostic criteria) and 33 to 53 % when a graded fatigue scale is used (0-10 fatigue) [5] . It is defined as a subjective sense of physical, emotional, or cognitive tiredness, but the underlying causes of cancer-related fatigue are not well understood and are likely multifactorial [5] . Alleged contributing factors include cancer treatments (i.e., ADT, chemotherapy, radiation), anemia, psychological distress, pain, medications, sleep disturbance, decreased functional status, nutritional deficit, and comorbidities (e.g., cardiac, endocrine, or pulmonary dysfunction) [5] . Fatigue may persist for months or years following treatment and greatly diminish survivors' quality of life by limiting their ability to perform daily living activities and generating significant distress [6, 7] .
Distress is another commonly reported symptom by survivors, and rates are higher (17-25 %) in cancer survivors than in healthy populations (3 %) [8] . A large number of older survivors have untreated significant levels of distress [9, 10] , which is a cause for concern because distress is a risk factor for poor adherence to cancer treatment, surveillance guidelines, and risk-reducing health behaviors [10] . Older survivors with poor physical functioning, comorbidities, and cancer-related physical symptoms are the most prone to high levels of distress [4, [11] [12] [13] . Both fatigue and distress have significant negative implications for survivors' quality of life; therefore, it is imperative for researchers to find effective interventions for the management of these symptoms.
Physical activity is a nonpharmacological intervention that has been recommended for the management of cancer-related fatigue and is also associated with reductions in distress [5, [14] [15] [16] . Mind-body activities such as Qigong combine physical activity with stress reduction elements [17, 18] . Specifically, the practice of Qigong consists of slow, flowing movements, coordinated with deep breathing, and a meditative focus to balance the flow of "Qi" or life energy for overall well-being [17] . Qigong may be a feasible modality of physical activity for older cancer survivors because it is performed at a slow pace, not overly physically exertive, and is easily accessible (i.e., can be performed sitting).
A 2012 review [19] on the effectiveness of Qigong in supportive cancer care revealed that only two randomized controlled trials (RCTs) had assessed distress outcomes and one RCT had examined fatigue outcomes. These studies generally indicated improvements in fatigue and distress for cancer survivors of different cancer types. Since this review, two additional Qigong RCTs with depressed chronically ill elderly adults and breast cancer survivors undergoing radiation therapy have been conducted. These trials were associated with reductions in depressive symptoms [20, 21] and improvements in fatigue for breast cancer survivors with elevated depressive symptoms at baseline [21] . However, Qigong RCTs have not specifically targeted older prostate cancer survivors for improving fatigue and distress, and this is an important group of survivors to intervene with [4] .
We are not aware of any RCTs that have examined the efficacy of Qigong for improving fatigue and distress in senior prostate cancer survivors. The purpose of this 12-week RCT was to assess its feasibility in senior prostate cancer survivors and examine its efficacy for improving fatigue (primary outcome) and distress (secondary outcome) compared to an active control (i.e., stretching exercise group). We hypothesized that the Qigong intervention would be associated with larger improvements in fatigue and distress compared to a stretching exercise control group. The results can be used to inform the development of a larger definitive RCT for helping older prostate cancer survivors effectively manage levels of fatigue and distress.
Methods

Study design and participants
This was a two-armed, parallel group, feasibility RCT guided by the Consolidated Standards of Reporting Trials statement ( Fig. 1) [22] . A single-blinded design was not used because informed consent procedures required that participants be informed that they would be randomly assigned to either Qigong or stretching classes; statisticians were blinded to study group allocation. The study was approved by the University of Utah Institutional Review Board and registered at ClinicalTrials.gov (NCT01564394). Power calculations indicated that, with a sample size of 24 participants in each study group and a standard deviation of 9.0, a change in Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-Fatigue) score could be estimated to within ±3.6 units using a two-sided 95 % confidence interval, with 80 % power to detect a 7.5-unit difference between the groups at 5 % significance level. The purpose of this pilot trial was to determine the feasibility of a Qigong intervention in senior prostate cancer survivors and to provide data for estimating effect size required for a larger more definitive trial.
Senior prostate cancer survivors were recruited via Huntsman Cancer Institute (HCI) clinics, cancer registries, and community-based strategies (Fig. 1) . Survivors' family members (i.e., a spouse, adult child, or sibling) were invited to participate in the classes to aid in enrollment and retention. A research coordinator contacted potential participants to discuss study details and to assess their eligibility for enrollment. Inclusion criteria consisted of: (1) age≥55 years; (2) significant fatigue as assessed during eligibility screening with the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAEv4.0) using a fatigue cut-off value of ≥1 or a general fatigue grading scale (i.e., fatigue currently and in the past week from a scale of 0-100) with a cutoff value of >20; (3) sedentary as defined by <150 min of moderateintensity exercise/week per Centers for Disease Control and Prevention guidelines [23] ; (4) resided within 60 miles of HCI and able to travel; (5) spoke and read English fluently; (6) physician's medical release; and (7) willing to be randomized to study group. Exclusion criteria included (1) evidence of metastatic disease other than elevated prostate-specific antigen levels [24] ; (2) current practice of Qigong, Tai Chi, or similar type of complementary and alternative medicine exercise; (3) inability to pass the Folstein Mini Mental Status Exam (score ≤23); and (4) health conditions (i.e., respiratory, cardiovascular, or neurological problems) that could interfere with intervention. We recruited fatigued and sedentary prostate cancer survivors because they may derive the most benefit from the Qigong intervention by improving their vitality and physical activity levels (i.e., fatigue was the primary outcome). All participants provided informed consent prior to enrollment in study.
Intervention
After completion of the baseline survey, HCI's Research Informatics Shared Resource randomized participants to study group (Qigong or stretching) using blocks of varying sizes (2-4) to minimize predictability of assignment. The Qigong and nonaerobic stretching exercise classes were 60 min in duration, held 2 days per week for 12 weeks at HCI's Survivorship & Wellness Center, and supplemented with home-based practice. The intervention period was set at 12 weeks to be an acceptable length in this senior sample for whom time commitment (i.e., time required to attend classes and for traveling) is a barrier to engaging in physical activity [25] . The sessions were twice per a week, rather than more frequent weekly sessions, based on participants' suggestions from a prior RCT of Tai Chi Chih in older female survivors [26] , and most physical activity interventions for cancer survivors are held for 2-3 days a week for 10-24 weeks [27] . Trained research staff attended each session to ascertain participant attendance. Make-up classes were not offered. However, to encourage home-based practice both groups were provided with a DVD (Qigong or stretching) 
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Completed Post-intervention Survey N=16 Completed Post-intervention Survey N=13 Fig. 1 Consort diagram of the 12-week Qigong randomized controlled trial that consisted of progressive sessions of each intervention performed by the respective instructors. Additionally, the research coordinator reminded participants each week to maintain home practice. Participants were asked not to begin other new physical activities during the study. The Qigong classes were led by a Qigong Master and his certified instructors. Sessions began with a 5-min meditative focus on the breath, followed by sitting exercises, then standing movements, and ended with a final 5-min meditative focus on the breath. Examples of the sitting exercises include (1) opening of the nine gates, (2) muscle change exercises, and (3) cavity presses. Examples of the standing exercises include (1) collecting energy of heaven and earth, (3) rocking chair, (4) Tai Chi ruler, (6) hands skimming on water, (7) pushing and pulling space, and (8) cloud hands. As the study progressed, a larger proportion of time was spent performing the standing movements than the sitting exercises.
We also integrated an eccentrically biased muscular focus into the Qigong standing movements (e.g., rocking chair, Tai Chi ruler, etc.) to increase the intensity of the intervention while maintaining a level of safety for these older adults. Eccentrically biased movements use the body weight as resistance and target eccentric muscle contractions where the muscle lengthens. This entailed using deeper squatting positions in the Qigong standing movements. For instance, during the rocking chair movement, participants were instructed to focus on squatting as low as they could during the movement. Eccentric muscle activity can produce the highest forces, maximizing the muscle and mobility responses at the lowest energetic cost to the individual. This is ideal for older prostate cancer survivors who may be experiencing muscle wasting and weakness, and fatigue as a result of cancer treatments. Research with older cancer survivors has shown that eccentrically biased muscular movement is associated with increased muscle size and strength and improved mobility compared to non-exercise usual care [28] .
The nonaerobic stretching classes were led by instructors from the University of Utah's Department of Exercise and Sport Science. This group served as an active control (i.e., physical activity in group setting) and consisted of light stretching exercises while avoiding relaxation techniques that would be similar to meditation. The exercises included upper and lower body stretching exercises that targeted main muscle groups and were performed seated and standing. As the study progressed, the intensity and duration of the stretching exercises were progressively increased.
Measures
The intervention's feasibility was assessed with retention and class attendance rates. Our primary and secondary outcomes of improvement in fatigue and distress were assessed at baseline and 1-week postintervention with the FACIT-Fatigue scale [29] and the Brief Symptom Inventory-18 (BSI-18) [30] . The FACIT-Fatigue Scale assesses levels of fatigue during usual activities over the past 7 days, with higher scores indicating less fatigue (score range=0-52). Very good internal consistency has been reported (α =0.86-0.87) [31] . The BSI-18 assesses psychological distress from the past 7 days and produces a Global Severity Index (GSI) and dimension scores for somatization (SOM), anxiety (ANX), and depression (DEP). Raw scores were converted to T-scores based on gender-specific oncology norms, with lower scores indicating less distress. Good to very good internal consistency has been reported (GSI α =0.89, SOM α =0.74, ANX α =0.79, and DEP α =0.84) [30] . To measure intervention intensity, participants reported their rate of perceived exertion with the Borg scale [32] on a biweekly basis to keep respondent burden low. Home practice was self-reported weekly.
Data analysis
Comparisons of the two study groups' sociodemographics at baseline were assessed with Pearson's chi-square tests for categorical data (Fisher's exact tests if expected cell count n < 5) and Wilcoxon tests for continuous data. Comparison of changes (post-baseline) in FACIT-Fatigue and BSI-18 among the study groups were assessed with Wilcoxon tests. Wilcoxon nonparametric tests were used because the data were appreciably skewed. Statistical significance was based on an alpha of 0.05. Per protocol analyses were conducted on participants with complete data at baseline and postintervention with statistical program SPSS v.17. Intent-to-treat analyses were not employed because we did not have postintervention data on participants who withdrew from the study to conduct complete case analysis and our sample size was too small to conduct multiple imputation techniques.
Results
Feasibility
We invited 502 senior prostate cancer survivors to participate through clinic referrals, the cancer registry, or community advertisements (Fig. 1) . We assessed 89 survivors for eligibility and randomized 40 eligible and interested survivors to either the Qigong or stretching group (n =20 in each study group). The most common reasons that survivors gave for declining the eligibility assessment or enrollment into the trial were a lack of interest in the study or time constraints (i.e., work full time, too busy, and not willing to make time commitment). Twenty-nine participants completed the 12-week intervention (Qigong n =16, Stretching n =13). The retention rates (i.e., the number of participants who remained enrolled and completed postintervention measures) did not significantly differ between the study groups (Qigong=80 %, stretching= 65 %, p =0.48).
One possibility is that survivors who had family members attending classes were more likely to remain enrolled (i.e., there were 10 family members in each study group). We tested this with Fisher's exact test by comparing retention rates for survivors who withdrew or remained enrolled by those who had a family member enrolled. These results were nonsignificant (59 % had a family member attend and remained enrolled, whereas 41 % had no family member attend and remained enrolled; p =0.15), indicating that participants' choice to remain enrolled in the study did not depend on having a family member enrolled. However, these results should be interpreted with caution as the small sample size limits our ability to draw firm conclusions of the effects of enrolled family members on participants' retention.
We next compared class attendance rates (i.e., number of classes attended/number of total classes×100) among the study groups and found that the Qigong group had significantly higher attendance than the stretching group [Qigong median=85 %, interquartile range (IQR)=68 %; stretching median=43 %, IQR=67 %, p =0.04]. Additionally, we found that the class attendance rates did not differ according to whether survivors had a family member enrolled or not (p = 0.30).
Sociodemographics
The study arms did not differ significantly with respect to baseline sociodemographic data ( Table 1 ). The median age of participants was 72 years (range, 58-93 years), diagnosed with prostate cancer a median of 5 years prior (range, 0-26). Fortyeight percent were currently on ADT. We also compared the participants who completed the intervention to those who withdrew on sociodemographic variables (i.e., age, marital status, education, income, current ADT use, and cancer stage), FACIT-Fatigue, and the BSI-18 scales (i.e., DEP, ANX, SOM, & GSI), and found no significant differences (p's>.05).
Intervention intensity
We compared the study groups on their rate of perceived exertion (i.e., Borg scale) during the Qigong and stretching classes with Wilcoxon tests. The range of this scale is 0 (feel no exertion or breathlessness) to 10 (the most effort one can possibly give). The Qigong group had significantly higher rates of perceived exertion (median=4.3, range=1.8-8.4) than the stretching group (median=2.6; range, 1.0-4.0; p =.002). The Qigong group's Borg scale value indicated that they felt the classes were of "somewhat strong" exertion, whereas the stretching group felt the classes were of "weak" to "moderate" exertion.
Fatigue
At baseline, the Qigong and stretching groups did not differ by clinical levels of fatigue using the FACIT-Fatigue cutoff ≤43 (Cella, 2002) , with 55 % (n =12) in the Qigong group and 45 % (n =10) in the stretching group. This also indicated that the majority of our sample was clinically fatigued (i.e., 22 out of 29 participants). For our primary outcome of fatigue, we compared the study groups on their change (postbaseline) in the FACIT-Fatigue with Wilcoxon tests. As hypothesized, the Qigong group had significantly greater improvement than the stretching group (Qigong median= 5.0, range = −3-30; stretching median=0, range=−22 to −9, p =0.02, Table 2 ). Additionally, 69 % (n =11) in the Qigong group and 38 % (n =5) in the stretching group had a minimally important difference of three points or more (Cella, 2002 ). See Fig. 2 for the percentage of survivors in each group who improved, declined (worsened), or had no change in the FACIT-Fatigue.
Distress
At baseline, the Qigong and stretching groups did not significantly differ on the DEP, SOM, ANX, and GSI levels ( Table 2) . We compared the groups on their change (postbaseline) in the BSI-18 with Wilcoxon tests and found that the Qigong group had more significant improvements than the stretching group in the SOM, ANX, and GSI scales (p's<.05; see Table 2 for medians and ranges). We did not assess minimally important differences in the BSI-18 because there are not published guidelines on what such a difference would be for the BSI-18. Using Cohen's d, we calculated effect sizes for comparing the changes between study groups (small effect=0.2, medium effect=0.5, large effect=0.8) and found these to be associated with large effect sizes (i.e., ANX d =−1.1, SOM d =−0.8, GSI d =−1.2, and DEP d =−0.8). See Fig. 3 for the percentage of survivors in each group who improved, declined (worsened), or had no change in GSI, SOM, ANX, and DEP.
Home practice
The Qigong and the stretching group reported a median home practice of 1.25 (range=0-2.75) and 0.75 (range=0-3.33) times a week, respectively, which did not significantly differ from one another (Wilcoxon test p =.80). We also conducted bivariate Pearson correlations to examine whether the frequency of home practice was associated with changes in the FACIT-Fatigue and BSI-18 scales for each of the study groups. These tests did not reveal any significant associations (all p's>.05). However, the home practice results should be interpreted with caution because the study groups had low compliance for reporting on the frequency of their home practice. Therefore, we may not have an accurate record of how much home practice was actually engaged in. 
Discussion
In this 12-week RCT, we demonstrated that a Qigong intervention is feasible in a population of senior prostate cancer survivors. Retention and class attendance rates for the Qigong intervention were good. In a prior RCT of Tai Chi Chih for older female cancer survivors [26] , the study retention rate was 86 % and class attendance rate was 81 %, which is comparable to our sample of older prostate cancer survivors. We did not find that the participation of a family member significantly affected retention or attendance rates, although survivors with an attending family member were 18 % more likely to remain enrolled than those without a family member. Research indicates that spousal or family support can facilitate engagement in health behaviors that help manage chronic illnesses [33, 34] . Future larger studies are warranted to better ascertain the effects of family participation on older male survivors' retention in behavioral intervention trials.
Importantly, we found that the Qigong intervention was associated with significantly larger improvements in fatigue and distress than the stretching group. Not only did we see significant improvement in the Qigong participants' fatigue, but a large proportion (69 %) of the Qigong participants had a minimally important difference of three points or more in fatigue [29] , whereas 31 % of the stretching participants did. We did not assess minimally important differences in distress because there are not published guidelines on what such a difference would be for the BSI-18; however, we did find large effect sizes for the improvements in distress. Fatigue and distress are common symptoms among cancer survivors that can lead to declines in quality of life and poor adherence to cancer treatment and surveillance guidelines [5, 10] . For older survivors, fatigue and distress can become debilitating as these survivors are also attempting to manage cancer treatment side effects, age-related comorbidities, and declines in physical functioning. The joint effect of these may create a downward spiral towards poor health and functioning and threaten their ability to maintain their independence into late life [9] .
Our study findings are consistent with other Qigong RCTs for cancer survivors and depressed, chronically ill older adults. A 10-week Qigong RCT with different types of cancer survivors and genders was associated with improved fatigue, distress, cognitive functioning, quality of life, and inflammation (C-reactive protein) compared to a usual care control [35, 36] . In older depressed adults living with chronic illness, a 12-week Qigong intervention reduced depressive symptoms relative to a reading control group [20] . Similarly, in breast cancer survivors receiving radiation therapy, Qigong (i.e., 5 classes during 5-6 weeks of radiation therapy) was associated with fewer depressive symptoms and improvements in fatigue and quality of life in those with elevated baseline levels of Change ( [21] . Finally, in patients with chronic fatigue, a 4-month Qigong intervention helped improve fatigue symptoms and mental functioning [37] . Our study extends on these studies in a few ways. First, the prior studies demonstrated the efficacy of Qigong in cancer survivors of different ages and cancer types and in chronically ill adults. We have demonstrated Qigong's efficacy for improving fatigue and distress in older prostate cancer survivors. We targeted older prostate cancer survivors because this is an understudied group of survivors, despite being the second largest group of cancer survivors. Furthermore, the prevalence of fatigue is high among those receiving ADT [5] , and as mentioned, prior, older cancer survivors are a particularly vulnerable group [4] .
Secondly, we incorporated eccentrically biased-muscular movements into the Qigong protocol for the purpose of increasing the exercise intensity (i.e., deeper squatting movements) without compromising safety. Research has shown that eccentrically biased exercises can improve muscular and mobility functioning in older cancer survivors [28] . Furthermore, exercise is associated with reductions in cancer-related fatigue [16, 38] and is recommended for older adults to maintain physical functioning and quality of life [39] . Future trials should continue to examine the benefits of including an eccentrically biased muscular focus in the Qigong movements through objective assessments of physical functioning.
Finally, Qigong RCTs, such as those described previously, have compared a Qigong intervention with a usual care control or a wait-list control (i.e., exception of Tsang et al. [20] who used a reading control). The limitations of these control groups is that the participants' outcome expectancies between treatment and control groups may differ, and these types of control groups do not control for active (i.e., physical activity) components of the Qigong intervention [40] . On the contrary, we used an active control group that controlled for engagement in physical activity (i.e., stretching) and was structurally equivalent to the Qigong intervention by having a similar class format (i.e., length of time, frequency, and same weekdays; group format), both study group's classes consisted of sitting and standing exercises, and were provided DVDs to encourage home practice. Additionally, we attempted to establish treatment credibility by promoting both study groups as providing a benefit for participants. We think the use of a stretching control group helps lend greater confidence to the validity of our study's findings.
There are a few limitations of our study to take note of. First, the mechanisms responsible for our fatigue and distress outcomes are not known. The improvements in fatigue and distress may have been a result of increased physical activity, the meditative aspects of the Qigong intervention, or the combination of both. Although we used a control group that included physical activity, the Qigong participants reported a higher rate of perceived exertion (i.e., Borg scale) than the stretching participants did. In support of the meditative mechanisms, yoga and mindfulness-based stress-reduction interventions have demonstrated benefits for a variety of cancerrelated symptoms, including fatigue and distress [41, 42] . However, we did not assess mindfulness or meditative aspects Fig. 3 Percentage of survivors in each study group who declined, had no change, or improved in the BSI-18 scales and future trials would benefit from including these. It may be that the effective management of fatigue and distress in older cancer survivors entails both meditative and physical activity strategies as provided by mind-body activities such as Qigong. Furthermore, Qigong may be an appealing form of physical activity to older sedentary cancer survivors because it is not overly physically exertive and is considered safe in elderly populations [17] .
A second limitation of our study is that our study sample was racially and ethnically homogenous (i.e., mainly non-Latino white). We do not know if these outcomes would occur with other racial or ethnic groups of cancer survivors. For example, a recent study [43] demonstrated that physical activity was associated with reductions in prostate cancer risk for white men, but not for African-American men, despite having equivalent levels of physical activity. Future studies are needed to investigate the efficacy of Qigong for other racially/ethnically diverse populations of older survivors and potential biological mechanisms that may underline differential outcomes.
Additionally, attrition bias is a threat to the validity of our study if the participants who withdrew systematically differed from those who remained enrolled. To examine this, we compared the baseline sociodemographic variables, FACITFatigue, and BSI-18 scores for participants who withdrew and those who remained enrolled. We found that the groups did not significantly differ in their baseline levels; therefore, we felt more confident that attrition bias was not a large threat to our study.
Another limitation is that our screening of potential participants' fatigue was assessed with fatigue measures (i.e., CTCAE and general fatigue grading scale) other than the FACIT-Fatigue scale that we used to measure the fatigue outcome. We did this to decrease the respondent burden of the screening eligibility questions and the CTCAE is widely used in clinic settings to assess patients' levels of fatigue. As aforementioned, we found that a large proportion of our participants had clinical levels of fatigue at baseline (Qigong=55 %, stretching=45 %) using the FACIT-Fatigue scale.
Finally, we do not know what the long-term benefits of Qigong may be as the purpose of this study was to assess acute outcomes of fatigue and distress. Future trials should include longer follow-up periods to assess whether older cancer prostate cancer survivors continue to practice Qigong and are able to effectively manage symptoms of fatigue and distress.
Despite these limitations, our study is the first Qigong RCT that we are aware of to target older prostate cancer survivors and to demonstrate the efficacy of a Qigong intervention for improving fatigue and distress. As mentioned prior, older cancer survivors are a vulnerable group of survivors because they may be experiencing cancer treatment late effects, alongside age-related declines in physical functioning and comorbidities [8] . Furthermore, prostate cancer survivors, especially those receiving ADT, are prone to severe fatigue [3, 5] . With the high survival rate and treatment side effects that accompany this disease, prostate cancer survivors are in need of interventions that will help alleviate treatment side effects and contribute to good quality of life into late life. We believe our study findings help support the utilization of Qigong in the supportive cancer care of older prostate cancer survivors for alleviating fatigue and distress. Future, larger definitive randomized controlled trials are needed to confirm these benefits in older prostate cancer survivors of racially/ethnically diverse populations, for longer follow-up periods, and to examine the potential mechanisms.
